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Many interesting results not covered
* B-jet Production
 Hard Diffraction
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Inclusive Jet Production
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Forward jet measurements further
constrain the gluon PDF in a region in
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Measurement in five |Y

Q*(6eV?)

10?

10

10

[l D@ Central + Forward Jets (] < 3.0)

CDF/D@ Central Jets (] < 0.7)

ZEUS 95 BPC+BPT+SVTX &
H1 95 SVTX + H1 96 ISR

[] zEUS 96-97 & H1 94-97 prel

/| E665

\\] cHoORUS
[] ccer

[] nNr-1HEP
[] ;LaBE97-010

[ ] Bcoms
NMC

jet| ranges

K, D=0.7: Raw P JET

300

CDF RUN II
Run 163064
Event 6753986




Ratlo to CTEQ6.1M

Ratlo to CTEQ6.1M

Ratlo to CTEQ6.1M

Ratio Data/pQCD NLO

QA<y

|<0.7

IIIIIIIII

_______

200 400 800
PiET [GeVic]
CDF Run |l
K, D=0.7

— = Data {L=1.0fb")
Systematic uncertainties
------- PDF uncertainties
— e - l_] =2 x']U: max p‘-f-
--- MRST2004

Data uncertainty smaller than that on pQCD NLO
Data prefer the lower edge of the PDF uncertainty band



PRL 101, 062001 (2008)

w DO Inclusive Jet Results

Using cone-based Midpoint Algorithm (R=0.7)
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Similar conclusions using the midpoint algorithm ...and reduced
systematic uncertainties on the absolute jet energy scale (1.2% - 2%)



New Gluon (MSTWOS) Eur. Phys. J. C 64, 653 (2009)

New MSTW anqusis: ; Gluon distribution at Q% = 10* GeV?

MSTW 2008 NLO (68% C.L)
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Dijet Mass
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wmje‘r Angular Distribution

Current uncertainties on jet energy
scale and gluon PDFs at high x makes
difficult to claim new physics from
the tail of the Pt distribution.....

...... how about QCD dynamics ?
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= —— Rutherf '
0.14 : . QLgDer 0rd Scattering (dominant t-channel gluon exchange)
0.121: ... New Physics
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We define then
Xaijet = EXPUY1-Y2l) 1+cos6
= .
1-cosH

.this also tells you gluon has spin 1..



1/0 g5 AO/AY 5564

5(?\

|-

- 0.

|

W.!

lllll

—e— DO preliminary
— Standard Model

--- Quark Compositeness
A=20TeV (A=+1)

U

03<M./TeV<04

ADD Lg. Extra Dim.
M,=1.36TeV (GRW)

- -~ TeV"' Extra Dim.
M =1.12TeV

+

r ol

LU

04<M/TeV <05

ra gl

05<M/TeV<0.6

Lo v S 1y vyl

11 1

11 L1 1

i,

06<MfTeV<07

L 1 1

¥

O7<M/TeV<08

1 llll Ll 1 1

}
:_ .'\‘§' —w—_;
C '~ et S
: L1 1 [01<l P‘l lI,TeY l< l1 l1 L1 l L1 JTFV l> l1 11 l
5 10 15 5 10 15

Laier = EXP(Y4-Yl)

Good agreement with QCD predictions

L ¢ (120 pts.)

Int(L)

PRL 103, 191803 (2009)

2

Onp =SM + % Interf. + % NP

D@ preliminary

132 E_ Quark Compositeness

i ;— (positive interference)

128 3

126

124 E ] Ls s s o1 ]

lllll "Illlllll LA

075 | T
o5 95% CL limit at
0.95 - A=258 TeV
. 0 AU I E TR FN TN N
0 0.05 01 0.15 0.2

= 1/A% (1/TeV?)

This analysis excludes compositeness
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Multi-jet Production

Three-jet mass cross section Ratio R (3jets/2jets) vs py leading jet
for well separated jets (R;;> 1.4)

in different regions of prs PTmax > Prmin * 30 GV
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Substructure of high p; jets 60

Very relevant in searches for new physics using boosted objects

Midpoint R=0.7
pr > 400 GeV
0.1<|n|<0.7

Angularity: tower energies
1
T(,([}). [)j) — —Z,‘w',‘ sin® 9,‘ “ — COS H,}J_”
mj
Study the energy distribution inside jet
(can distinguish QCD q/g from boosted
heavy particle decays)

To reject top:
Miet(2nd) < 100 GeV
MET/sqrt(E;) < 4
pr (2"d) > 100 GeV

—>PYTHTIA peaks at low values

Invariant mass of leading jet: (data is more spherical---could be MI)

PYTHIA softer than the data
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W/Z+jets (Motivation)

events / 30 GeV
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Dijet mass (NN b-jet Energy corrected) (GeV/c?)
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& Top pair production =:::(7.zpb)
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- Di-boson

Events

1 Jet

2 Jets 3 Jets 4 Jets 25 Jets

« Boson + Jet(s) Processes constitute
in many cases irreducible backgrounds
in searches for new physics

30% - 40% uncertainty in some of the
processes (boson + HF)

- Call for dedicate measurements
on boson+jets



CDF standard electron ID

Ee>20 GeV

Inel<1.1

MET > 30 GeV: MW, > 20 GeV

At least one jet JetClu (R=0.4)
- EJet>20 GeV/c, niet] < 2.0
— AR(e-jet)>0.52

Measurement corrected for detector and
defined in the given limited kinematic region
(no extrapolation made)

Comparison with ME+PS implementations
and different matching procedures
«  MADGRAPH v4 + PYTHIA 6.3 (CKKW)
« ALPGENvZ + HERWIG 6.5  (MLM)

Comparison with NLO pQCD (MCFM)
CTEQ6.IM and u? = M2 + (P{V)?

E 8000F E W(—>ev)+21jet
< 7000 \ « CDFI
‘% 6000 \§ [ 1 Combined
5000 ' W-+jet
4000 \ multi-jet
3000 \ [ leptonic
2000 \
1000 S s
0 E\\\\\ Nk 77 ,_;‘q."?ﬁo_lﬁ'“ ;
0O 10 20 30 40 50 60 70 80 90 100

W(_> e\/) +je'|'(5) Phys. Rev. D 77, 011108(R) (2008)

Missing Transverse Energy (GeV)

Background taken from fit to MET
and lepton P+ distributions
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© 3r « CDF Il /SMPR  Scale uncertainty
ME+ PS needs UE contributions at low P+ 2

and suffers scale uncertainties at large N;,,

but describes the oy/0y.; ratios

40

70 80
Third Jet E (GeV)

50 80



@ wb-jers).

Both electron and (muon) channels
- Pp20GeV/c
- Inl«11 q
- MET> 25 GeV

- E{et>20 GeV/c
- |nje‘r| <20

w
Exactly one or two jets JetClu (R=0.4) %\

imary vix d, /

- One b-tagged jet (SVTX ultra-tight)” /\’ / impact parameter

B-quark composition extracted
from fit to secondary vertex mass

=l
2

ts/0.1 GeV/c

dizplaced track]

- Templates for light, charm and bottom taken from MC

- Validated in control samples in data

»  Physics Processes that contribute:

- W+b/c production ( taken from ALPGEN)

- Top and dibosons (taken from PYTHIA)

- Single top production (taken from MADEVENT)
-  QCD multijets (from DATA)

PRL 104, 131801 (2010)

Vertex Mass Templates
0.14_—
0.12—

01— — b template
C — ¢ template
008 — LF template

T
0.06—
0.04—
0.02_— L -‘-LL
I IIIIIl IIIIII
00 0.5 1 15 2 25 3 35 4 45

+  Comparison with theory in the restricted phase space

(no extrapolation is made)

b MVert Calibration

5

M CDF Run Il Preliminary - 1.9/fb
% MC b jets

oo + — b calibration data
-

=

m -

et -

[}] L

- L

0.04 O




W+b-jet(s) >ilm5

—y W

q

Fraction of b-jets : 0.71 +- 0.05

In 1.9 fb-"
TOTAL : 670 +- 44 (stat.) b-tagged jets
BACKG.: 177 +- 22 (stat.)

18% uncertainty on the measurement
vertex modeling (8%)
b-tag effi. (6%), lumi. (6%)

=2.74+£0.27 £ 0.42 pb

ALPGENV2 +PYTHIA 6.3
(Q? = My2+P;,2 ) = 0.78 pb

NLO pQCD = 1.22 +- 0.14 pb

o~ -
290 — CDF Run Il Preliminary - 1.9/fb
% 4 Data

8o *
O & = bottom contribution
- Al —— charm contribution
70— RHERE S e
B - Pl : = LF contribution
D60 = :_E ) -===== Summed contribution
=t : : b= 71.3+ 4.7(stat) = 6.4(syst) %

50— 4 L c= 15.9 = 5.5(stat) %

C LF = 12.6 + 3.5(stat) %
40

> CDF Run Il Preliminary - 1.9
&) A& Oala
°250 Summed cantnbution,
— uncerainty fram M fil
—~— e
3 I oottom contribution
_0,200 I charm contribution
[ B -F contribution
150
100
0
o

Vertex Mass Fit

KS Prob = 84.8 %

0 0.5 1 15 2 25 3 3.5 4 4.5 5

M., (GeV/c?)

Data - MC Comparison




CDF: PRL 100, 091803 (2008)

< DO: PLB 666, 23 (2008)
- W+c
g -
w+<u >~

Use charge correlation between leptons Events with a h'9h pt lepton, MET/MT
To obtain the signhal W+c from OS-SS and at least a jet with a soft pt lepton

0, XBr(W — [v) =9 .8(stat.) = 2.8" % (syst.) pb DO uses both e and u soft leptons

11 (4 For jets with Pt > 20 GeV, |n[<2.5
NLO:11.07;, pb (p;. >20 GeV/c, In, 1.5) W/ W+jets agrees with LO pQCD

0.2

O [ =1
¥ e Data(~181fb n

=120 S we ! 018 w e

51 005_. EEWALF g 016F |

o - [] Other ) g 30.14 - Alpgen (v2.05) + Pythia (v6.323)

~ 80 3| 20a2F IoF

L2 I

| - 60_— ) 1 1 0.1:

q>) 40:_ overflow bil g go_oez_

L . "1 0.06F

% QO'M o S

U') o B 7 kg 0.02

O 5710 15 20 25 30 T T —
SLT muon p; [GeV/C jet p_Gevl



Entries

R
W_//® W + C Electron channel

f:\\TL V- NOS-SS  _ A7OS-SS
S / B W s l _ measured bkg
GW+C X br ( V) -

\/ Lx Axe
[ Jet

_CDF Run Il Preliminary, 4.3 " CDF Run Il Preliminary, 4.3 fb'
000 1 - - £ 250 | g

; QM big N = 1. bk
@ Z+jets 200 |- — - nglgfs

i | . gglglaets - | E‘I;l;zharm
oo ' 150 | .-
a00 |- ;

i . 100 |-
"I Af"‘—J_ —=—-.-"'h-... |

! S0f

o0 50 100 150 0 -
W boson M, P e

Charm : Pr > 20G€V,| n I<1.5 soft electron P,
0, XBr(W —1v) =21.1="7.1(stat.) £ 4.6(syst.)pb
ALPGEN :16.5+ 4.7 pb

Reasonable agreement with NLO pQCD
NLOMCFM):11 Ojg p (within large experimental uncertainties)



jet electrons

-> '3\\

CDF standard electron ID

- At least one central electron

- Eep25 GeV

- |net<1, Ine?| <1 or 1.2 < |ne2|<2.8

- 66 < M <116 GeV/c?

- No isolation requirements
(avoids bias at very high Pet)

At least one jet MidPoint (R=0.7)
- Electrons removed before clustering

- Pet>30 GeV/c
- |yje‘r| <21
— AR(e-jet)>0.7

Measurement corrected for detector 40

Z/y*(-> ee) +jet(s)

Phys. Rev. Lett. 100, 102001 (2008)

Updated results based on 2.5 fb-!

CDF Run Il Preliminary

3

r10 - e Data L=171"
o - — Z-ee+jets

> - [ QCD + W+jets
G | EZ+y

= WW, Wz, 27
*2102 3 E tt

g’ - []Zotw+jets

w L

-
L=

107

”F'I”IIIJIII—.IIIIIJIIIHIHIII‘III
60 70 80 90 100 110 120 130 140

° IIII]

effects back to the hadron level and M, [GeV/c]
defined in the given limited kinematic

region (no extrapolation made)

Background at the level of 12% - 17%
(dominated by QCD and W+jets )
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oy x BR(ZW*—e'e) [fb]
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Ratio to LO
— — — —
a N Do ®

jet electrons

7 {% N
.2212229\
2000 9| poveo

g

N

CDF Run Il Preliminary

—e— CDFData L=25f"
Systematic uncertainties
—-&— NLO MCFM CTEQ6.1M
corrected to hadron level
Mg = M; + pi(2), R,o,=1.3
....... NLO scale p = 2, ; p = pJ2
- = = NLO PDF uncertainties
—a— LO MCFM hadron level

T T IIIIII|
-

Y
A

66 < M,, < 116 GeV/c®
E2> 25 GeV, ] < 1
mal<1 || 1.2<nj| <28
p > 30 GeV/c, ly*'| < 2.1
AR(e,jet) > 0.7

L& 3

jets

Inclusive jet differential cross sections

Z/y*(-> ee) +jet(s)

105 CDF Run Il Preliminary
—_ % —e— CDFData L=25f"
L o Zlv*(—e’e’) + =1 jet inclusive (x20) [] systematic uncertainties
> 10" = —e —=— NLO MCFM CTEQ6.1M
(O] — +=Q= Corrected tg hadron level
= ~ —-— 2=M +p32). R =13
103 — Hg iz ¥ PTlL). Regp
g E o= e B=2pg i = pgl2
. 102 — ® - - - PDF uncertainties
Ly L —
=] = —e—
B — *—.— ——
T 10 = —a
E ¢
— 4
e o
1 - Zlv*(—e’e’) + =2 jets inclusive
10" = — —
— |
1.4 5 o .
E‘ 1.3E Zly*(—e e’) + =1 jet inclusive
D 1.2E-
- 115
S odE
= 0.9
o 0.8E-
0.7
0.6E- |
1.8F
2 1.6E
o U E
2 14
= 1.2
= 1E
S 08
0.6
0-4 — 1 1 1 1 1 1 1 I 1

30 100 200 e [Gevic)

Good agreement with NLO pQCD
predictions including non-pQCD corrections
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»

Ratio to MCFM NLO
o

ot
o

vIZ 1Z
AVAVAVA / d "JV\/"
\ 2ereelyg

DO Run I, L=1.04 fo'| == Data at particle level
= | == MCFM NLO
E (a)
e
- Z/y (—ee)+1jet+ X‘|
E 65< M, < 115 GeV|
E Incl.inp® /yf|
B jet == jet
E‘ Roone =05,y | < 2-5||
F . L . i
=+ Data
=== MCFM NLO == \[CFM LO
— — Scale unc. —=— Scale unc.
£ (b)
N 2 DN S I
: ————— ---------'h-‘_\
m 1 1 L ool 1 1 L
20 30 40 50 100 200 300

p, (1° jet) [GeV]

7 ZIy*(-> ee) +jet(s) w

PLB 678, 45 (2009)

[1/GeV]
2
MEURELLLU LD BRELLL B B

d Gy,
ldp (2™ jet)
3

X
—_
<

&

| GZ/Y. I

DO Run II, L=1.04 fb['1|

—4— Data at particle level
=== MCFM NLO

*

Zly (—ee)+2jets + X||
65 < M,, < 115 GeV
Incl. in pj/ylel

jet jet

Reone = 05, |y < 25|

i
o o w

=

Ratio to MCFM NLO

o
»

=+ Data

== MCFM NLO == MCFM LO
— Scale unc. —— Scale unc.

100 200
P, (2" jet) [GeV]

30 40 50 60

d Sy
Idp (37 jet)

1

[1/GeV]

=

o

TSy

LO

M
ro
=

Ratio to MCF

o
(&2

10*

d
<
(S

_.
<,
>

w
(=)

_.
o

1.0 fb-

Differential cross sections of the nth jet p;
(divided by DY cross section)

F DO Run II, L=1.04 fly'| =4 Data at particle level

_L
(=)
T

F | == MCFM LO
E_ (a) ~~\~~
- N
C \l
. ‘\\
Zly (—ee)+3jets + X|| ‘\\
E - 65<M, <115GeV| \[
F Incl.in p?/y]el
L RSL=05, Y7 < 25|
= Data
== \CFMLO
—=Scale unc.
£ (o)
20 30 40 50 60
P, (3° et [GeV]

Similar conclusions as in the CDF case: NLO pQCD describes the data
For the 3-jet case (only LO pQCD available) underestimates the data by ~1.5



Gl G T ee) +jet(s) [

_eoreed
t] Ll . -1
9 leozer 9 leccec  Compared to different LO ME +PS 1.0 fb
g .
AN Monte Carlo predictions
~ Data == PYTHIA SO ~ Data =+= PYTHIA SO ~ Data == PYTHIA SO
== HERWIG+JIMMY =~ Scale unc. == HERWIG+JIMMY =+ Scale unc. == HERWIG+JIMMY = Scale unc.
20 L — PYTHIA QW = PYTHIA QW == PYTHIA QW
o F (© — Scale unc. 9 gglg_ () — Scale unc. 9 3_05 c) — Scale unc.
Z15 z - > 20F
= f z °F G 15F
S0k S10F o 10F
e [ e [ s F
o g I S 051
= B — c v
g i ke 05 i
0'5 m 1 1 1 L 1 1 1 1 - 1 L 1 1 1 L 1 1 L 1 L
~ Data SHERPA ~ Data SHERPA ~+ Data SHERPA
== ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA  — Scale unc,
20 - —-Scale unc. ; - | —— Scale unc. —= Scale unc.
o [ 9 ggi 9 30
— - UE
Z15E (d) sk @ = o0 (O
" 5F H Q 15F E— —————— i _____
Siof i—-——i"*“i“i"}' = i Sop —F f o MOE
2] T - 2 [ i o -_'--———_{ o . e ———
o : —————————— iy g F o ——— T 05'_ _________
8 | B :] gos- T T i e
05 _I 1 L 1 1 L1 1 I 1 1 1 1 1 1 1 1 1 1 I L 1 1 1 1 1
20 30 40 50 100 200 300 20 30 40 50 60 100 200 20 30 40 50 60
p, (17 jet) [GeV] p, (2" jet) [GeV] p, (3" jet) [GeV]

As expected PYTHIA and HERWIG too soft at large p+

ALPGEN and SHERPA provide a better description of the shapes

Relatively large scale uncertainty illustrates a limited prediction power of the MCs
(but a lot of room for tuning them)



PRL 669, 278 (2008)

1061 Z/v*(-> uw) +jet(s)

; I = 5! “°
3 I DY Run Il, L=1.0 fb —+— Data S 14 DG Run I, L=1.0 b’ —$— Data
= — NLO pQCD + corr. = — NLO pQCD =+ corr
—u = z B, )
—9& = MR—MF—MZC'BPT %12'+' MR=MF=MZ(-Dp$
s I CTEQ6.6M PDF s .t CTEQ6.6M PDF
s ===+ ALPGEN 10— ===+ ALPGEN
4 _ _ Z -
107 Hg =M. =M @pp s Hp=H. =M, ®p7
E CTEQ6.1M PDF - TTeeel. CTEQ6.1M PDF
n 6 S
102 -
= Zy*(— uw) + jet + X - Z/y*(— up) + jet + X
~ 65 <M,,<1 1_? GeV, |y < 1_.t7 o[ 65 < M,<115GeV, |y|<1.7
- je e *. B j j e,
1gTj D08 Py =2OCRV, [y | <28 F Fonr 06, pp ~200a, [Tl <20 | TR
% 2.6f ~# Data / ALPGEN — = SHERPA / ALPGEN =) 8: —4 Data/ ALPGEN — — SHERPA / ALPGEN
C 2.4F — NLO pQCD / ALPGEN  ======: PYTHIA / ALPGEN € [— NLOpQCD/ALPGEN «wsee PYTHIA / ALPGEN
2.2F <> Scale and PDF unc. 2.5[ X2 Scale and PDF unc.
a3 : I
1.8 o
1.6F :
1.4 3
1.2 1.5 s
= —
1= s TN T L L
0-8;_ 1__ ....................................... (b)
0.6 ! C ! ! I I
2

P R T P T T R H T SR T I R T T T L
N 200 0 0.5 1 1.5 2 25
Pr (GeV) Y™

* Data described by NLO pQCD
* PYTHIA and ALPGEN below the data (consistent with LO prediction)
« SHERPA in between LO and NLO predictions (better at large Pt)

o
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o
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©



SO Z/y*(=> un) +jet(s) @

Z/iy*(— u'w) +>1 jetinclusive CDF Run Il Preliminary

-e- Data - 6.03 fb™'
— Total Prediction

CDF standard muon ID
- P> 25 GeV

- Intl<1, In?] <1

- 66 <M <116 GeV/c?

Z+y
B QCD, W + jet, DIF
tt
B zz. zw, ww

do/dM, [fb / (GeV/c?)]
=

At least one jet MidPoint (R=0.7)
- PJet>30 GeV/c

- |yje‘r| <21 107
— AR(u-jet)> 0.7

40 60 80 100 120 140

.. M GeV/c’
Follows the analysis in the electron zow | ]

channel with the aim for a future

combination into a single result Background at the few % level



" Inclusive Z/y*(-> yw) + 1 Jet

202029
20002 ()L eeeen 10° CDF Run Il Preliminary
g =
\ —_ — —e— CDF Data L= 6.03 fb"
§ o [] Sytematic uncertainties
T —o— NLO MCFM CTEQ6.1M
10° CDF Run Il Preliminary g 10 = -':0:'-* Czorreczted tc2) hadron level
=y = —e— CDF Data L= 6.03 b o - —e— Mo = Mz +p7(Z), Ry;=1.3
-, - [ Sytematic uncertainties Rt B - L Ho=2u, 51 =n,/2
N . —a— LO MCFM CTEQ6.1M 5, B .= PDF uncertainties
2 B —e— NLO MCFM CTEQ6.1M 'y 10 £ .
= Corrected to hadron level o) -
© 10° g =M +p7(2), R,,=1.3 = -
= M=2U 51 = pgf2 _8 B °
= e PDF uncertainties
B A 1 §_ ——
1021 C Ziy*(—>u'w) +>1 jet inclusive
S 10" p*' > 30 GeVre, [V < 2.1
E /(> ') + >N jets inclusive . = 3
T pF'=30Gevrc, Y21 * -
10 E I | | a 1 .2 :—
o r o 1f
:I 1.5 :_ """"“'“"""""""".i:"":"""""'"'""::.'"'.::::.-"-.:%:L":::::": LLL % Q E
© TR I I-E 0.8
© 1t — -
(] - © 0.6 |
— 1 D) ' 3 ' g 30 100 200 t
je
= pr [GeV/c]

More to come along with the

Good agreement with NLO pQCD (MCFM)
combination with electron channel

predictions including non-pQCD corrections



Z+jet angular distributions w

PLB 682, 370 (2010) vz
o {% SAAANY

s F DO, L=1.0 fb" ° =
E 4 @ Data ,’ o
= 19°E  NLOpQCD + corr. z
g [ - SHERPA 2 2t
o
¢ 10°F 5 9 | gocee
o -
X E ) g
YR * @) 1
2 0% o
E *

e 85 <1
A <M, < 115GaV

Yi<i7gzseev | osf «| Differential cross sections as function of

Rere=0.5, Bf' >20 GaV, [™|<2.8 I SHERPA scale unc.
1 1 1 1 1 1 I L 1 1 1 1 ° ° °
s [eom < o om —wreveenss | Ad(z,jet), An(Z,jet) and y,.s1(Z+jet)
f 2 ==NOpC sl OpCen S5 3 -.- ALP+HER - = ALP+PY Tune QW
% Scak & PDF unc. - - Scak & PDF unc. %
S N2 DO, =10 15" ® Daa — PYTHIA Parugia’
& & $ e, | ® Data =« HERWIG+/IMMY =« = PYTHIA Tune QW
107 wee NLO pQCD + cOrr. -

.......
- ‘.,
~,
~,

- SHERPA

-

Ratlo to SHERPA
n

T
1
3
Ve, x 6o, fdly__ |

0.5f ‘ 0.5} (a
(b) SHERPA scake unc. (@) - @
..... Lo L P | Ak 1 P | Ak 1 al A ) L

o] 0.5 1 1.5 2 25 3 Q 0.5 1 1.5; 2 25 3 o
A(Z, Jet) (rad) A$(Z, Jet) (rad) 10

| 65 <M, <115GaV
r |y“|<1.7;p§>2569v

[ Rooe=0.5, A7’ >20GeV, <28 °-7: SHERPAscakum. ,(C).
NLO pQCD provides a reasonable g [ma T g [eon v
description of the data (maybe a bit low) 7=~ e reamemrme ) g 4
§ |0 aws 4 E | o us s 3

L)

SHERPA provides the best description ;
of the shape of the distributions '

-

-
-
~ -

-, =
~ -
L

Q.71

(b) o7r SHERPA scale unc. (@

SHERPA scalke unc.

C L | I L Loaaliaal Lol elaaal L Lol 1 adaaal 1 adaaal L Laaal

0 02040608 1 12141618 2 22 0 02040608 1 121416 18 2 22

.followed by PYTHIA-Perugia* (pt-ordered PS) i b ol
-~ Important observables for MC tuning



g b gwee——p AW Z Phys.Rev.D79:052008,2009 @
% S I B Inclusuve Z+b

140 llllllllllllllll I llllllll I llllllll Ill

o(Z + bjet) _ N'(Z + bjet)/N(Z)  (a) PositiveTags  * COF data
o(2) é(Z + bjet)/e(2) E [ightjets
E 100:— Clejets
Considering electron and muon channels 8 n: [Cbjets
" - + B BG jets
76 < M” <106 GeV E 50:— N.=193+23
(eff. 41% for Z-> ee, 23% for Z-> uu) § F i \_L N:=147i54
Jets with Et > 20 GeV and |n| < 1.5 20f :b-f::m
(JETCLU R=0.7) : ”

0 05 1 15 2 25 3 35 4
At least one jet b-tagged (eff. Z+b-jet : 9%) Mg, (GeVic)

(b-jet fraction from fit to vertex mass) o*(Z + bjet) = (3.32 % 0.53(stat) = 0.42(syst)) X 1073

o(Z)
Background from other
physics processes taken from MC MCFM :23x107 (Q* = M2 +P?,)

non-pQCD corrections applied to MCFM : +8% 128 x107 (Q* = <Pry, >)



L R B R
> - o -
§ 16F CDF Data a) - Z+b
‘c’: :: 3 —— MCFM Q*=m2 +p2, E
D T, MCFM Q%=<p? > E o TS
Q - . T,jet - y |
als 08F ' = 2 16 *  CDF Data a)
:‘:I’ D%r 08 ;_ ................... —g ;:2. 14 1 ALPGEN Q2=m§ +pz —;
B 04E E - 12F " =
© ~ 0.2 :_ L T - X - :
~-|N 0:-.IA..I..I..h.[‘..l'..[...|..a %\ 1:_ ......... PYTHIA E
© 20 3 4 5 6 70 8 90 100 ols  08F =
E> [GeV] N[ 06f 3
- ) | ] i T 04:_ .................... _:
% 35 a) * CDF Data E 3 0.25_ : E
£ 3F = N CE -
> 25 E — MCFM Q*=mZ+p?, - % %—. i
‘/:L ’ E: ................ I ...................E ______ MCFM Qz=<p$']et> _E 0
zi 1.5 E— N —E
§’ 1§_ é B C T T -
°°ﬁ osp- [ l—“ % BF a) * CDF Data E
° o " 2 — A S — ALPGEN Q2=mi+p?_ -
Nie 8 25F I : b
o(Z+b Noob - PYTHIA 3
( _ ) _208 +0.33+0.34(%) o : g
O(Z + jets) 2 15¢ E
N - 3
) 2 2 2 \. 2 2 1 .
MCFM :1.8% (Q = MZ +PT,z) ’ 2.2% (Q = < PT,Jet >) 'E; 055_ .................. I ................. .
Measurements in agreement with predictions 8 X: | | ]
(large uncertainties in both data and theory) ‘ 2

Also large variations between PYTHIA and ALPGEN
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Z+b Production

pr > 20 GeV, n| < 1.1

g I DO Run Il Preliminary g DO Run Il Preliminary
0.4 = |
5} 003
< N < f
e- Z+light jet MC <
I F — NT data
03- Z+cjet MC | jet MC
i —  ZsbjetMC L J
i 02 | ! - c jetMC
i SRR — b jetMC
0.2
0.1 0.1 |
e L
L ‘ P i PR I g
0 02 04 06 08 1 [ gt by
NN output o 5 0 15
rJLIP

Using NN to reduce light-flavor
component and a likelihood fit
to extract the Z+b signal

8 _
= DO Run Il Preliminary
0500
>
w |
|
L —— Data
400‘1 ~— b+c+NT data
% | NT data
\ c jetMC
300 ? — b jetMC
200

0 510 1
rJLIP

Events / 5 GeV

800 1
DO Run Il Preliminary
|
i
600 || —- Data
- —  b+cHl
| [ jet
W - C et
400 . — bpt

200~ , i TT

20 40 60 80 100
Jet P, (GeV)

Z+b fraction‘

0.191 £0.030

Z+c fraction

0.384 +£0.072

Z+light jet fraction

0.424 +0.054

o(Z+b)/o(Z+jet)
NLO/MCEM

0.0176 = 0.0024 (stat) = 0.0023 (syst)
0.0184 + 0.0022

MCFM describes the data

Templates for b and charm from MC ALPGEN
Light flavor template from data negative NN tags)



Prompt Photon Production

q

g §ﬁ\ q g v q Je

Compton Scattering

QQ Annihilation Y

Leading Order Processes Yielding Direct Photons

Using prompt photons one can
precisely study QCD dynamics:

- Well known coupling to quarks
- Give access to lower Pt

* Clean: no need to define " jets"
- constrain of gluon PDF

Experimentally difficult because of
large background from 5 decays

g
20.95 gt [ ’
2 s :
g 0.9 ,’,,'
0.85
g2
0.8 L
0.75
- CDF Data, L=2.51b"
—e— Signal Fraction (E"."'3 <2 GeV)
0.65 Systemnatic Uncertainty
06k, 1. ... 1. 1 1 e sl ey sslassalessel
50 100 150 250 300 350 400
Ey [GeV]
isolated
Y .................................. o
Inside jets
| S
J'to L
Y

/

Preshower
detector

N\

Shower maximum
detector



Isolated photons (E; in R= 0.4 < 2 GeV)

P> 30 GeV/c, Im|<1.0

—

3 15
8 'E 70<E;<80GeV —e— CDF Data, L=25fb”
hah - [ Photon MC
8, T [ Dijet MC
% 10 E
3 F
T
fre

10° E .5‘.-‘..;:

10“E i

10° —

IR N
10

4 I 2"‘ '4“'
Er° [GeV]

New CDF result based on 2.5 fb-!

Agreement with NLO pQCD
(similar known shape at low P,)

The NLO pQCD prediction is corrected

for non-pQCD effects from the UE
affecting the isolation .....

10°

10

do/dEzdn’ [pb/GeV]

107

102

-
o
b

datatheory

OO = 4w wd dd b

- 10% reduction of theoretical cross section..
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Good agreement with NLO pQCD for y+b

Disagreement for y+c at large Pt
 Not covered by models with intrinsic charm
* Maybe related to y+gluon->QQ
(which is dominant at large P,) :
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541  Di-photon Production

Very relevant for Higgs, SUSY, ED searches
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CDF and DO results:

Would indicate the need for NNLO terms
and the importance of the proper
treatment of fragmentation contributions



Final Notes

* Inclusive Jet measurements in Run IT

contributed to a better understanding of
the gluon PDF

* NLO pQCD in general provides a good
description of multi-jet data

Z/W+jet(s) results test background
estimations in searches for new physics

* First Z/W+HF measurements start
challenging large theoretical uncertainties
~>More data and better predictions needed

* Photon + Jet and Diphoton results show
some disagreements with pQCD NLO - =

+ Tevatron promises 12 fb-! by End Run IT \J‘-M(’S A

- First LHC physics results by NOW ... "Just checking."
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High Pt Jet Physucs at 2 TeV
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Non-pQCD contributions

(comparing data at hadron level with pQCD fixed order at parton level)

Photon, W, Z etc.
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Underlying Event &

& hadronization Contribution
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Underlying Event dominates....
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Gluons radiate
more than quarks
(QCD color charges)

l

Gluon jets Broader

P 1-w(r)

Jet shape dictated by multi-gluon
emission form primary parton

Test of parton shower models and
their implementations

Sensitive to underlying event P(r) = 1 . @(O,/")
structure in the final state Njefs Jers pTJef (0,R)




Photon, W, Z etc,

Phys. Rev. D 71, 112002 (2005:6—1' ShGpZS o
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w Studies on Ad between jets
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Dijet Production (b_b) o ﬂ
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Dijet Production (bb)
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Soft radiation in Z+jet(s)
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Boson + HF & B-tagging
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